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APST XALT OF TJl lI DISCLOSE 
An sOectxode device lor c lee trie at iy heading underground 
deposits of hydrocarbons such as oil .sawl or oil sbulo. Phn-al 
well pipe sections arc joined through i.nr ul ate-d pipe joints, with 
an electrode connected through one of the in.sul ated -pipe joints 
to a lower one of t.hi* pipe sections. Each ol the insulated pipo 
joints includes a first tubular mentber having a flange portion 
at. mio ftnd thereof > a r. econtf tubular member having & cap porfinn. 
at one end ifhich is received in t.hu flan go portion of the first 
tubular member with a £np therebetween, and an insulating member 
disposed in the gzy ior hermetically coupling t)iu first and 
second tubular members 2t>J for alcidtricMlXy insulating first 
and second tubular members- fvoni one another. 



ELl'C.TKQOE DEVICE FOR KLEiCTRICALLY HEATING 
UHDLKUHD1JND DEPOSITS OF HYDHOCAUROKS 

BACKGROUND O F THE INVENTION 
The present lrtrontion relates to an electric device 
used to electrically heat underground deposits of hydrocarbons. 
More speci f ically, the present invention relates t<j an ul^ctrode 
5 dovi.ee which is used to supply eloctrical power to an underground* 
deposit thereby to heat the hydrocarbons present iTi the deposit 
to cause them to have a lienor viscosity 2nd higher fluidity in order 
to more, easily remove thera from th& Veil. 

Tho term ''hydrocarbon;; 1 ' 515 used hereinafter means 
1C petroleum or oil, bitumen contained 171 oil sand [Also called 

"tar sand 11 ) and kerogen contained in oil shale. These will all 
be referred to as 11 ol1 m for simplicity. 

If the oil in the underground deposit has sufficient 
fluidity* It is possible to extract the oil through the we- 11 
15 either by gas pressure coexisting in the oil layer or by forcing 
a liquid such as brine into on** well to forco the oil to flow 
out of another well. Ikwava-r, should the underground oil havo 
low fluidity, it cannot be extracted until the oil is made mora 
fluid. A gen&ral method af mating the oil fluid is to heat the 
£a oil thereby to lower th& viscosity of the ail. The temperature 
suitable for this is different for different type^ of oil. 

There have ho©n proposed 35 oil l£yer heating methods 



the irtjcclian of hot water or water vapors at a high temperature 
under a high pressure, supplying electrical power to the 
underground deposit, underground combustion in which the under- 
ground oil layer is ignited with a supply of sir sd that it may 
S be burned > and the .use of explosives. The last two methods are 
difficult to conrrDl so th.it they are rot in general usb. 

According to the method of injecting the hot water or 
water vapor at a high temperature anil under a high pressure, 
the oil layer is heated to enhance tKe fluidity of tha oil to 

10 cause the fluid oil to flow out to the ground surface. If. f how- 
ever, some regions of the oil deposit have a low resistance to - 
the flow of hot water or water vapors or there are voids in the 
oil layer, the tfater or vapors my collect in these regions and 
fail to diffuse throughout the whole layer. Moreover, if the 

15 oil layer is solid ?nd dense, the hot vater or va.por^ will 
again not diffuse so that the oil layer cannot he heated. 

Heating by the supply of electrical powar is ^erfunued 
by drilling a plurality of voll* in tho oil layer and "by establish- 
ing potential differences between electrodes disposed in the 

20 wells so that the oil I»yev is heated by its resistance to the 
electrical current vhich flows therethrough , TSiis technique is 
advantageous in that the oil layer can be vholly haatad with ease 
evert if it has voids or is solid and dense. Hovreirer, another 
device is required foT pumping up: the fluid oil, 

25 For improving the oil producing efficiency, there has 



-2 



further been proposed a mot hod which includes a first step of 
heating the oil U yox by electrical resistance heating and a step 
of injecting hot water or water vapors nt a high temperature An A 
ondyr a high pre&suro when the gi.i layer becomes soft, while con- 

S tinning the heatirix 3d that the resultant fluid oil nitty he pumped 
out. In order efficiently heat the oil layer, tho sisctTode 
device must be suf f ixiuntl 7 el&ctrically Insulated thut the leak- 
age of et^ctTicrtlly current into underground port ions other than 
the oil lajfur is avoided as much as possible. Tha Bl.ectvorte Je- 

10 vit-s is also required to be tuihrcHkuhlo with respect to the under- 
ground soil pressure, the pressure of tht* vapors which are gener- 
ated by the heating operation, and the pressure of injected hat 
water tfr hot high pressure water vapors. The electric dt>vic« 
Is further required to b« free from laakagB of hot water or hot 

IS high pressure water vapors. 

In order to explain, the electrode device of this general 
type- more fully, an example in which the oil is oxtT»ctad from 
oil sand! will be described. 

Oil sand, also called "tar sand", is p-rcscnt in largo 

20 quantities in Canada, Venezuela and the United States. 

The oil in the oil sand is typically mixed with brine between " 
sands in deposits. Moreover , it typically has such a 
remarkably high viscosity that it has essentially no fluidity 
in its natural state. A deposit of the oil sand may be 

25 pnrtlaLly exposed in a valley or at the banks of 
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a river but Jn most often located ontt/rely underground at n 
rtopth-of 2Q0 to S00 jfl wb.jlt^ having a thickness of it-.veral t?.ne 
o£ . meters.. i3iU2 to oonP"'.£lej-atinn of economy And enviioiin^jtit^l- pro- 
tection, it in nocftBBary to separate out the oil underground and 
to extract only the oil from the wo 13.. Moreover, sinca the 
extraction of oil, from a shallow underground lay«r 1& accompanied 
by a danger o£ ^ubsldenoe-, it: is desirable to extract oil only 
from underground layers lyimj deeper than 3 00 ja. 

Further aspects of the background o± the Invention and 
the Invention o.f tho present application &re described wi Lh 
the a&cistanca of tha accompany! iig drawings in vhXnh: 

l-'lg- 1 ia a schematic sectional "view show>.ncj a 
conventional prior art installation of the tjeueral type with 
which the invention is utilized: 

i/ig* 2 is a L'Tose-Bectionnl. view of ixn insula tad pipe 
joint of the invention; 

Fig* 3 is a ojcoas-aectional vi&f showing Bsvoral joined 
pipe sections, an electrode and insulated pipe ^oint'.a in accordance 
*?ith the invention; and 

Pigs. 4-7 are a scries of cros&-section&l views 
illuatrAtiftt? tha use Of ineulating coatincji' in accordance v?ith 
the iuvdjiiti.oru 

Fig. 1 illwstiatau the heating o£ an oil fc&nd layer 
by eltictxodea coupiud to a power, supply. Ill Fig. 1, reference 
numeral** 1 fand 11 indicate; main guide pip&r> made r>f ste^l, 2 
arid 12 indicate. Insulators joined to the main qfuide. pipea 1 atid 

11, 3 and 13 ijndicnt* electrode^ joined Id the in^vlators 2 and 

12, pea' rotation a art farmed in the electrodes 3 i>nd 13 , aisd 4 and 
14 indicate caMes» Tor feeding fin electric current to the ele- 
ctrodes 3 «*»d 13. This assembly ia hereinafter called together the 
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Vvlcctrgrte d*;vit:e". Rc-feteotinp numeral S indi-cuttii a power 
aaurc^c, 6 inctxe^t^s *ni oil ssmd l^yer, v ind.icute^ on ulcctric 
curriislt Oowi.At? between the clcr: tradtts 3 and J3, R indicates the 
ground Burfune, 9 indicates an overburden layer,, and 10 in- 
dicates a layer btrlOW the nil sanJ layer, 

When a voltiKjo is applied to the el.ftctrod.ee 3 and 
.13 which arc buried in the oil Rand iayt;r 6 from tht power 
source b through the= cubic- £j 4 and 14, tho current 7 ilowo in 
accordance with thfc electric res 1 s Lnncp. of the oil sand l^yer 
6 as a refralt 
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of which the oil sand layer 6 is heated by Joule £>r resistance 
heating. Although, the cut rent 7 paztj^lly flows into tho cver- 
Ijurden layer 9 and the layer 10, the leakage is maintained at a 
lov level because the insulators 2 apd 12 are Interposed between 

5 the ma-iTi guida pipes 1 and 11 and tha electrodes .5 and 13. After 
the oil sand layer 0 ha$ been warmed, the powo-r supply is inter- 
rupted. Hot water or water vapors at & high temperature under 
a high pressure are then forced from the upper inlet of One m^in 
guide pipe I of the electrode dovice and flnvj through the oil 

10 sand layer 6 until they come out of the other main, guide pipe ■ 
11 carrying the oil, Jn order to improve the flow ratas of the 
hot -water or the hot pressure water vapors, perforations are 
farmed in the electrodes 3 and 13. 

Since the upper portions of the insul.it.nrs I and 12 

15 are connected to the main guide pipes 1 and 11 and the lotcor 
portions are connected with tha electrodes 3 and 13, a down- 
ward tensile str&RF is always applied to the insulators, More- 
over, since tha d.s^etably can be at a t*.Mnp<;Tftture as hiflh as 
2S0 < '(: to 300 ,i C, the insulKtur^ should bo ahle to withstand such 

2D temperatures. Also, since thi* insulators 2 and 12 are buried 

underground as desp as several hundred waters with the electrodes 
5 an<i 13 suspended from their Lower ends with the upper ends 
thuTeof connected to the main guide pipes 2 and 12, the insulators 
1 and 12 vrill almost certainly contact or collide uith the well 

25 walls whilu they arc lowered into thy well. Because of the 



gTost total weight, any slight contact will impose a hiyh mecha- 
nical impact upon the insulators 2 and 12, Therefore, th$ 
insulators 2 ar\d 12 sic required to be ,ible to Tfith stand anticipated 
levels of mo Panics I impact. 

5 m an electrode device which hpats an oil sand layer 

when It Is supplied with an electric current, a juajor problem is 
that the olectrac resistance in the oil sand layer is <ipproxij|jately 
equal to the overburden layer. Since these ticictric z t$ 1 stances 
differ depending on place and conditions, they camiot ^neTally 

If be precisely stated. HatfOvorj average values are iMfi-jji for 

the oil £<ind la>'Dr and 100 - 1 m for til© overburden Isyer. As 3 
result, if an electric current is supplied to t*<o electrode devices 
which are constructed by connecting electrodes to guidu pipes made 
of steel pipes and by disposing those electrodes in the oil sand 

15 layer, raO*t of the current will he consumed in the overburden 
layer. In order to avoid this problem, it is necessary either 
to cover the surfaces of the guide pipes vith an insulating coating 
or to Insulate the electrodes from the guide pipes-. 

Various attempts have been made to provide insulators 

20 which satisfy the *if urerae tiiiosied requirements. In one such 
attempt, flanged tubular members iiiade of metal are coated with 
an aTgasisc resin which provides a high resistance tg heat. An 
apjiTupTiatc usaterial is poly tetraf" luoroethylena re* in (fox example 
"Teflon™ 11 -which is trade name of tfu Pent) . with this 

25 instruction, insulating momboxs arc provided which are 

satiafactory in their ability to withstand a suspending load 
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flnrl mechanic a L impact force*, However, ith;i.s. pj wved quite diffi- 
cult t>i coat the flj7i£& portions s at i sfaetory with the insulat- 
ing material. Mrtrngver, even if satisfactory insulating char- 
acrevi >ticf. arc provided at ri>ow tonjpcTatyre,^ the li>sul?tting 
5 coating has a tendency to separata, especially around tho flange 
portions, duo td repeated thern^I expansion and contraction 
such a.-> is topically un countered ira normal operating conditions. 
If the insulation coating is brolton or caused to flake off, the 
insulators thus produced become useless, 

10 Tn ct second attampt, porcelain sn;rtaxi.&l hps "been used 

fat forTHifl£ the insulators. However, it. is ^l?o ne-ctssaiy in 
constructing the Insulators to take into account the requirement 
for providing water and oil tight, characteristics with respect 
to the connection between thB main guide pipes 1 aT *^ H ar ^ 

IS olcctTodes 5 anil 15 es wall as between the insulating member. 
r f'ho connection has general ]>■ been made by shrink fitting metal 
pipu.s nn the outer peripheral surface of thB porcelain pipe cmcl 
then connected with other metal pipes oi'dinary technique such 
as welding or attachment with bolts. With this construction, 

20 although the wall or oil tight characteristics luay be acceptable 
at room temperature, the strength of the shrink- fitted joints 
tends to drop as the temperature is increased that the abi- 
lity to support the suspended load is correspondingly lowered. 
Moreover, breakage- of the porcelain may taken place as a result 

25 of the stress imposed upon the leading end portions of the shrink- 
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fitted areas. *n order to eliminate such drawbacks, there has 
be en proposed xhu use oX a porcelain pijje having ends formed 
as fjnrge portions with the flanga portions fastened to jiictul 
pipes with packing interposed between the cunt act surfaces. 
5 Kith thi* LonstTucri. on > the above -s t^tcd requirements are met 
at room temperature, lluwei/pi T the water and oil tight Scaling 
tends t d dctu-rtorate upon repeated thermal oxpausion. and con- 
traction. Moreover > porcelain -intrinsically lacks strers^Lh 
against mechanical impact farces. Thus, it has a high tcn^cnLy 

10 to be broken by a machaTiical tmpact force such as i.s DTdinartly 
encountered while f.ho assembly is lowered through th^ well.. 
Thus, tho prcn/iAian pf a porcelain insulator suffers from the 
unavoidable* defect that there is a high temde-ncy of breakage. 

Vet further, insulators foimod Df organic rolymeric 

IS compounds have been proposed. Although such compounds may have 

a high strength at room temperature: And a.re quite good electrical 
insulators, nios-t of the compounds af this general class are not 
particularly heat resistant. Specif ically, very few compounds 
of this.typii ii'i'O kuuwn which are resistant to hot water or water 
vapor at high temperature and under high pressure* 



SUMMARY OF Tiit > _TN VTG N T ION 
In accordance with invention, there is provided 
an t-lcjttTDde d&vico for electrically heating vndergrountf deposits 
of hydrocarbons including a plurality of well pipe sections, 
5 an electrode adapted to be disposed in an underground deposit 

of hydrocarbons for supplying an electric current to The under- 
ground deposits, a plurality of insulating pipi> jnints oxen 
including u ftr.^t tubuiy-r member having a flange pcntion (it one 
end thereof, a second tubular member having a cop portion at 

10 one end thereof adapted to be received in the flatifta portion 

of the first tubular mgrobgr with a gap therebetween and an in- 
sulating msmber disposed \v the gap between the flange portion 
and the cap portion for hermetically coupling the first and 
second tubular members while ale-ctrically insulating them frojn 

15 One 3-nather and with the insulating pipe joints being usBct to 

couple at T.east some of the pip* sections together arid the elec- 
frnds to one of the pipe .sections, and a cable connected to the 
electxpde for supplying en electric current thereto. 

At least scrfrm of tho instituting pipB joints can ba 

20 interconnected. The insulaLing member of each of the insulated 
pipe joints includes a first insulating portion disposed in the 
£ap between the flange portion in the Cup portion find StfCOnd 
insulating portions disposed adjacent inner and outer surfaces 
ttf the tubular members with the first fctid second Insulating por- 

25 tions being formed integrally eac]l other. Preferably, the 
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insulating jnfiir.be 1^ of Rarrh of. the ijiEulattid pipe . jOiutG x i j jtiado 
oi a I'll Lit s-jnica molding Cormcd From powders of qla,r.p. and mica. 
An insulating coating may be piovidec on Fit leufct a portion o£ 
the outer L.ar n^o^ of tho in ::ul.at?d pipe- joints. Thin coating 
ift&y be a rG^in t -.F polytotrafluarc-utUylciiu , a resit) of diph^nyl 
oxidii. MoieOvui f u protective layer of insulation can be 
ptoyn/Sed aroynd at Ifc^fjl. a portion oi" thft inBiilating cutting. 
The protective Jay^r mfiy bo an inexpensive material auch, as 
polyethylene, polypi- oyylenti or polyvinyl chloride. 

Further objects and advantages of the indention will 
appear from th& following description taken together with the 
accompanied drawing b. 

In accordance with the invention, th^ro. ic provided 
an Bleutrical he.ating electrode device which is entirely froo of 
the above-mentioned drawbacks . A preferred embodiment of 
the oltictrodo device of tha Invention will be described rn detail, 
£irst with raJWisnces to Fig. 2 vhiuli shoe's a ^rocs-iectional 
view of an inauls.todt pipu joint 2i vrtiiuh is utilized with tho 
BlBctrodu dt»vic& of the invention. 

The pipe joint gon«rally designated 21 in Figure 2 
comprises four b&aic aleinenta: 

a fir&t tubular member 77, a second tubular member 33, 
a cylindrical sleeve- lik& eovsr ratmbtr 2$, and an insulating 
wswb-sr 35. 

'ihe fix at tubular JTitsjubo-x 22 coiripris&c ft cylindrical 
tubular portion 23 with a radially c-utvardly extending flange 
portion 24 at a luwor 6ixJ aB sWrfii. 

The second tubal 31: meniiwjr 33 comprisey a cylindrical 
tubular portion 3C with a tudiiilly outwardly cx tend ling hub portion 
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l 2D at an upper civ* £<j ^iiOwri, Tbe iiito.rior diainetur of tubular 
poruion 30 of tbt jocund tuf: ul^r ^ramb^r h.f? ehovn identical 
to the iiityrior diameter of Lobular portion 23 of the fi.rsL 
tubular TfleiJibL-r 7.7 . 

Hub portion 2 r > of the. 2nd tubular Tneiribcr 33 i& provided 
vj-ith a" internal ftimular recess 31 ihowu. Huh portion 2 5 
is also provided with external threads 32 which irmt.e with 
threads 29 on cover member 29 to be cle scribed, 

Sleeve -like COVCt JftElftbor 29 coijtijrise^ a cylindrical, 

10 tubular, drum-like portion 26 with. internal thrfiadB.23 at om?. 

lover and shown in Figure 2 a, ?ari.ial3y inv-mrcUy extending 

fcfip portion 27 at the ot her upper end. TVs staovm, tubular portion 
26 has a larger internal dirvuetBr that the external diameter 
oZ flange [>0rtiL>n 24 of the first tubular .member 22 bo tD 
prnvlde a gap therebetween lo be occupied by insuLat j.ng member 
3b, Cap portion 27 of coy^r rntitiibdr 2 3 hfie iin internal diameter 
larger than the external a dimeter of tubular portion 23 of tho 
first tubular member 22 so as -to corm ft <jAp thcrebct.viire.il. Tbts in- 
ternal diameter of cap i^rtion 27 is smaller thun the external 

20 diameter of flanyo portion 24 of thB first tabular wicinbcr 22. 

preferably thfi fir^t tubular meiDber 22, second tubular 
juembor 33 an<3 cover member .!& are made liroro steel. 

insulating membe): 3S includes an outer .cirevmf erentlally 
insulating portion 36 which surrounds external surfaces of 
tubular portion 23 of firat tubular member 22 and art inner cir- 
cumferential ly Insulating portion 37 which fits inside the internal 
annular receaa 31 of hub portion 25 o± the second tubular member 
33. The inner insulating portion 37 has tha same- internal 
diameter as that of tubular pod; t ion 30 of the R*scoiid tubular member 

3 0 33 fig may be Bfwn, insulating Jmsmbar 35 compr i&as ma integral 
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j member extending trow portion 36 thereof to portion 37 thereof. 
Integral insulating member 3/5 tfrjs space b surfnuu:.; of. the Cir^t 
t.ubuJar member 22 from sincfa^ea of Beconci tubular TftOTubfcr 33 and 
tovcr member ;:9 by a gap occupied as 3^en in figure - by ijidulatiny 
membtir 35- Insulating member 35 insulates first tubular, ™fci«bc:r. 
fPOJfl contact With iiocOnd tubular Member 33 and rover nteiiiber 

Wxth cover number 29 screwed down onto stcOnd tubular 
mtJiuLtir 33 as altown in Figure 2, C.Wl-jg portion 24 of first tubular 
10 member a? encased by insulating member 35 ia sandwiched between 
cover mcoobc.r ?S and the upper end of hub portion l l 5 of the 
so.cotid tubular incmbex 33, whexeby j.nsuJ at a rig member i5 may £orin 
& bormatie #<i*.l botweon first tabular member 22 and second tubular 
jocjnber 33, 

By icrewlny cover member 2«3 onto, second tubular 
hvmber 33, f n at tubular: mornbor 22 may be firmly, sealably coupled 
to fiCCODd tubular member 33 yet irtaulafci Vcly isol? U:<d. i:hf:.ref rom. 

Irt assembly, first tubular portion 22 may b£ inserted 
throng]) cover roembEr 29 follotfiftrj which cover member 2P may be 
20 SLTCv/ed onto second tubular portion 33. Th-a Insula Hug member 
35 may b& s&cjn to occupy a gap between, the first tubular member 
22 and the cuinb illation of the second tubular meiub&i 33 eind CroWE 
member 2?. 

Prtilcrftbly, the entire insulating member is made of 
a cojmpri sit ion of ylasi* had mlott and is formed by a molding pro- 
ectjs. The inpulating imeiabar is formed hy hoal'ing a mixture of 
powers of glass and mica lo a sufficiently high te.mpiiratar-5 
that tbo mixture becmn^B fluid. Once ths mixture 1? fluid, it 
in pressure ltiuldcd using a mo.l.d of appropriate ih&cu. The for- 
30 mat ton of tbe insulating member .J5 will be dencirb©d In jnorc 
detail., 
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Tb<> fir a I: tubulcr member 22 and th^ eecoiid tubular 
member 33 aL " ti aiiseftbitfd to be positioned ^ abown j.u Pig. 2 and 
Are tfie-.n heated to a pxedttcrAiinud toimy>er atura .. The two tabular 
juembi/rfe at the cl.OVAU'd liemperaturia aro fitted into a V:Old, 
"Kf-Kt, a mixture of qlnaB 7aica powders is prepared, by pre- 
mulding tht cnixturt into the form ui a f-fCliTClLn&.ry molded jueitibtM. 
of a cylindrical ehape which will tit ii' tho gay between the 
tubular portion 2 3 o* the first tubular member and cover inejviber 
2U. The preliminary moldad jnEitibwr is he-M-.ed to 3 i^redutormirnid 
temperature A/id fitted in the tjap in a he&t(X3 condition. M£Xt, 
a pressure ie applied to tht preliminary inolded member bftfoue 
it COOli; to force the material Of tha lb^'bCi 1 to i f Lov. r into the 
gap betwBen thB firtt and second tubular Hitjidbors «t>£ into tht* 
internal angular cece^u 3.1 iu the secorul tubular member 33- 

For the ifLatejcial of the prelim ina^y molded rnoxtiboc, 
45 wfcfc of glaea pother prepared by pulverizing a glaze used for 
enamel coating steel object^ eo/amorciaLly available : Product 
Wo. 2312 of: Kippcn Ferro, Ltd., to a else of 2fl0 mesh Mixed with 
55 \it% of mica, powder of synthetic phlo^opoire of a size of 
ISD to 200 jneah. 5 wtS of water is added to- the resultant roixtura 
to.w&t it bo it can he molded. 150 0 ctki d± the v^ttbd mixture 
i<? molded utlng a oald preaaure Jioldin9 proceEB to form ft cylin- 
drically sbape-d body uaing a mold (nor. ahewn) . Tho preliminary 
molded mcwbiitr was diBpoatid in a drier at 12Q°C for two hours 
to dry it prior to its use* in forming the insulating member 35* 

Ap dfiaci'ibed above/ the covbl- fitembcr 29 and the hub 
portion 25 arc joined by screwi threads. Howe^r, the invention 
is iiOt li^iiec! tli&reto as the cover meiKbej: 29 orj<l the bub por- 
tion 2^ can bu 3oine-d by gelding. 

In an alternate embodiment , the cap portion 27 of 



1 thei cover jtiemi.pr 29 i» tili'/ided in I :o foar quaflrtin t.s U/o of vbacin 
are removed. rh£ flango poet ion 24 of the first: tubular .member 
22 if; i:hoit out *ui;h that the remaining part oC the .['lem<ju portion 
24 C^ifi fit -thxuutjh the two rt^ioovfejd ijuodraiiti; u£ thti oap portion 
27 so that, the flange portion 24 can be located under i:bc cap por- 

Lion 27 uf the ciivei' myjuber 25. 

Ijh thf: i.r>f:ulfiUcr^ pnpR joint rl^r-c-ribed abovE,, a ten- 
sile force; Imposed on the o.tids oJC the joint is converted into a 
compreBBive force which acta between the cap portion 27 and 
to flange portion ?4» Since the compression b I. length of the -insulating 
merabar 35 of tht type dcccxibcd is much greater than its tensile 
strength and since the force por tmit areft can be rut U ably pet: 
by fld}UStJ.r>9 the e^U'enl: of the area on which the coropr essive 
Corccy arc applied , Lhe resulting a??embly is quite strong and 
able* tD vith^tand hic^t tfeft^ilfe forces imposed on the en&s of the 
joint, 

JVt hi.gh temperatures, for instance 300°C, the heat 
reaJ.Eta.nt charaeturicties u± the insula cinq nu^rnbor are primarily 
determined by the thermal chiirncteristins qE Lhe glass material 
10 a? the starting material. Particularly, the transition 

temp Era twee of this vnato.rial $s important, rf the transition 
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temperature i* M for instance, i» 2 range of Si I) *C to 60 D *C. 
a hijjh mechanical streftfcth for the overall assembly will be 
preserved to u LeinperaTure of at least SflO*C. 

Xith inspect to the resistance to Mechanical impact 
<; forces', the mica pov/dcr which is used to form the iASUlat.i.ri£ 
meipbftT is composed cif particles having a flat shape wherein 
the ratio of the diameter to the thi witness of h single scaT* 
particle is generally in a range of 30 to 50:1. Due to the 
pxesancc of the pchIb particle? t the molded insulating member 

10 has a laminated form thereby providing it with a hifth elasticity. 
This high elasticity would not "be present if the insulating 
memhuT were formed only of gl»*s powders, lmc to the laminated 
construction, the insulating member is provided with n much 
greater resistance to repeated testiperature changes and mechanical 

IS impact forces then is a prior art type of insulating member made 
of an inorganic compound, Therefore, the insulating member 
produced in accordance with the invention is SUpf icioncly strong 
that it can withstand the topical inpact forces which arc en j 
countered during the use of the structure. 

2[] Next, the construction of a preferred embodiment 

of an. electrode device of the invention utilizing the above- 
dastribeJ in.suUted pipe joint 21 will be given vith reference 
to V"xg. 3. ftefBi'cnce numerals 1 to 4 used In Tig. 3 indicate 
similar components as those of Fig, 1. The righthand half of 

25 pig, 3 shows the completed structure of the insulated pipe joint 
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21. As s>iown in the figure, the insulating member 2 includes 
thD insulated pi/pe joints 23, One end of the insulating m-ember 
2 is connected to the pipe 1 and the other to Llni electrode 
3. These connections may be wade by w©'J L - tacvTt techn-i Ljuos such 
as welding ox by the use of screw threads. 

As r iu accordance with the invention, the completed 
insula tod pipe joint 21 has 8 coirnnrw thvwghhole of enn^tant 
internal diameter, the assembly and use thereof is quite easy. 
For instance , the provision of the above -described partitions 
is quitfe simple, Of enm-fte, hkitg thnv» twti insulated pipe joint a 
21 can be provided as needed. Also, one of the pipe joint 3 21 
can he connected directly to the pipe 1. 

7f needed^ such as in the esse JiTino having n high 
salt concentration is used, the outer suifoce of the insulated 
pipe joint 21 can he covered with a coating 41 of an organic 
substanco having a sufficiently high heat resistant property. 
This is shown in the Icfthand pmt Df Piji. 5. For example , the 
costing 41 can hu formed hy sbiink fitting a "Tefloci " tube. 

A,s du^cfib^d abm'*, in accordance with tho Invention, 
thu ^ipes Find tho oloCtradeS arc connected through tlie insulated 
pipe joints. Tensile forces applied at the ends of the insulat- 
ed pipe Joints are converted into compression .forces which act 
between the cap portions and the flange portions thereof. Since 
the cortiyrosviot) strength of tho irtsulAtlnfc mcMbcr is much greater 
than the tensile strength thereof, the overall electrode de-vice- 
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of the invention has h tniitc* high mechanical strength and can 
withstand high pressures and strong Mechanical impact forces 
50 that it can be used under scvotc operating conditions often 
encountered in oil well application. 

5 Yet furrlicr> the coating 41 find the insulating members 

2 and 12 of the; electrode curt 1>l: formed from atJiar materials . 
To determine what materials are be^t for these members, tests- 
were conducted to investigate the resistance ol various organic 
polymeric compounds to hot waCef and water vapor at high temperature 

10 and under high pressure. The compounds investigated are listed m 
Table 1 herein* 

Regarding the te?t5, test pioces of cm-h of the materials 
vers- placed in quartz test tubes filled with pun; water. These 
test tahes were placed in a 2-liter autoclave containing pure 

15 water. The autoclave was held at 2S0°C at an internal pres-suta 
of, 6fi kg/cm 2 for a period of 10 days, Thu autoclave was then 
cooled to a room temperature and the test pieces v«o checked for 
appearance. The results art presented In Table 2 from which it 
CHn be seen that liot water and steam had *t much more adverse affect 
20 thfkTi dry heat. Of the materials te5tod> only polytetraf luoToethyltn 
resin find diphcjnyl oxide resin ware acceptable. 

A coating of rate-r. and staam resistant resin can bo 
formed mound rhe pipe 1 by repeatedly applying coating of the 
naterial and hiking the assembly until the desired thickness is 
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obL .lined. A.lso, a coating of the heat Tcsistant revsn caxi be 
forced by first preparing a tube of th» resin having «tl inside 
diameter slightly larger than the outsi.de diameLer of tho pipe 
l:-and then slipping tho tube over the .pipe 1, If the resin 

5 ii> in tVio form of a sheet or tape, it ma/ be wound directly around 
the pipe 1 a «d thon fhis Ion -bonded if necessary. As described 
above , a heat -shrink able tube of polytetraf luoroe-thylone can 
bo slipped over the pipe 1 ;in6 heated to fit it tightly to the pipe. 
As diccusse-d above, whor* the assembly including the 

10 electrode is inserted into the oil veil, there is usiivoioiabl o 
can taut with the in net wall of the well so tliat tbt; heat 
resistant insulating coating may be damaged. To pvavent this, 
protective coating of insulation 36 wiay be- formed around The 
insulation IS as shown in Pig, 5. Since the protective tabling 

X5 of insulation 16 may melt or collapse if the elettrgde 15 

exposed to high temperatures, it can be made of an inexpensive 
material such as polyethylene, polypropylene" or polyvinyl chlrniJe. 

Typical l/> the total length of the guide pipe 1 is 
200 to $00 m. Hove^'er, a single section of the; steel pipe that 

20 jnakes up the fuide pipe 1 is only about 10 m in length, Vo join 
the pipe sections, each pipe, section, is provided with a taper 
thread qn one end ami the pipe sections are jaiued by screwing 
thejn together. An Insulating coating must also be formed around 
the joined parts of the pipe section* and on the surface of the 

25 coupling. To accomplish this, as sho^n in Fig, 6, steel pipes 
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1A and IB are urjv&red with the coaUug of heat it'Sistant insulat- 
ing material l^A and 1SR and arc joined by a coupling 17. A 
coating of heat Tesistant insulation 1 GC is forced around the 
coupling extending iutD adjacent aie^s , A beaL -shx infcable tube 
S of a pDlytetrafluDroethylens is particular]/ suitable in this 

ca ;e . 

To protect thu insulating coatings from direct contact 
with the inner vail of the uell, ^toel pipe sections lA and IB 
covered with the coating of heat resistant insulating material 
lfl 15A and 1SB and protective coatings of insulation 16j\ arid IbB 

are first joined through the coupling- 17, Thereafter > the coupling 
It is coated with the hoat resistant insulation 15C and then a . 
layer of 16C if formed around i:he coupling and in the adjutant 
areas as zhowa in Fig* 7. 
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1A and IK are covered with the coating of heat assistant inJ5ul.ii.t- 
ing material ISA and IFB anil arc joined by a coupling 17. A 
coating of heat -resistant iu<>ul a tioji IjC i<> formed aiDynd the 
coupling extending ixitD adjacent areas. A heaL-shrinkable tube 
S of a pdytet ra fluotoethyl end is particularly suitable in this 

To protect; tho insulating coatings from direct contact 
icith the inner wall of the well, steel pipe sentiDns ia and IB 
covered with the coating of heat resistant insulating material 
l* 1 ISA and 15B and protective coatings of insutation 16A and 16b 

are first joined through the couplinf 17 , Thereafter, the coupling 
16 is coated vith the host resistant insulation 15C and then a . 
layer of 16C if formed around the coupling and in i:he adjacent 
areas as 5hu*m in Fig, 7. 
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Table 2 



Sampl e A ppearance 

A OK. 

B l^xned into a lump. 

C Po. 

D ' Collapsed 

El OK. 

B2 Do. 

F Dew 

G ' Tamed into a lump. 

H Glass whitened 

(Resin came apart) 

1 Do, 

J Do. 
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WHAT IS LU.AIMIU) l'Ji: 

1. fin electrode device for elect?] cal ly heating unJer- 
ground deposits of hydrocarbons cotaprism^ : a plurality of woll 
pipe sections; an electrode adap-ted to W disposed in an under- 
ground dcpoi.it of hydrocarbon* for .supplying aTt electric current 

5 to s«id underground deposit' a plurality of insulated pipe joints 
eacli including a first tubular member liavinjj a flaunt portion 
at oiv: end thereof, a second tubular member haying » cap jjorticm 
at mic tuid theieof adapted to be received in said llange portion 
of said first tubular iTieml)cr with a thei cbctwcoTi , and un 

10 insulating member diipOStid in said jap between said, fl an j;r , por- 
tion und said cap portion for hermetically coupling said lirst 
end ^otond tubular member and i'ojf electrically insulating said 
first and second tubular members from one another, said insulated 
pipe joints being operatively disposed to couple at luast some 

IS L?f said pipe sections and said electrode tflrile electrically 
insulating said at least some of said pipe suctions and said 
electrode; and a cable connected to said electrode for supplying 
an electric current to said electrode. 

2. The electrode device as sol forth in claim 1 wherein 
at least some of said insulated pipe; joints are iuterctxmeetud. 

3. the electrodes device 35 set forth in claim 1 k'hci'ein 
said vn.-iulat5.ng merober of eEtch .o£ said insulated pipo joints 
comprises a first insulating portion disposed in said gap between 
said flanpe port. inn and *aid cap portion, and second insulating 
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portions disposed adjacent inner and outC7 surfaces of said 
tabular members, said first and second insulating portions 
being formed integrally with each other. 

A. Tliv electrode device as set forth in claim 1 wherein 

5 said insulating m^bcr of a*ch oi said insulated pipe joints 
is made oT a glass -mien molding forced from glass $r<d mica 
powders . 

5. Tha electrode device as set foTth in claim 1 further 
comprising an an-sulAtlftg coating profid-ed or> at. least a portion 

10 of a.n outer surface of said insulated pip* joints. 

6. TEie electrode doyicio. hs. set forth in claim 5. wherein 
said insulating coating is: ■polytfttrs.t'T.uorDutbylDne . 

7. The electrode device as set forth in clatui 6 whe-rvin 
SHi.d insulating coating comprises a resin of thermally shrinkable 

15 polytetraf luoroethylene. 

R, The electrode duvicc as set forth in claim 5 v^haTCin 

i$id insulating costing comprise? a resin of diphenyl otfide. 

9. The electrode device as set forth in any of c2«ims 5-7 
further comprising a protective layer of insiJl ation .upon, tit " 

20 least a portion of said insulating coating* 

10. the ciltrcti'ode deyico as set forth in any of claims 5-7 
furthev comprising a protective] layer of insulation upon at 
least a portion of said insulating coating, syid layer of 
protective insulation comprising a materia] selected from the 

2* group consisting of polyethylene ^ polypro^iyl ena and polyvinyl chloride. 
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11. An cifiri.-rofit dovii: R for uloc tr 5.CA Uy beating under- 

ground debits ot hydrocarbons compr j.oSvig a plurality of Inter- 
connect^ pip* sectione, an L-iootrad* adapted to bo disposed 
in flu im^e refund dep^it of hydrocarbons sallying electric 
cuircot to said LKxlc.ryrour.fi deposit, At least on B i^uiatcd pip* 
joint includiiKj ft firftt tubular number comprised of a well pipe 
section having a fianjc portion at o n o end tbeveaf , ii fcacend tubu- 
lar member cOin^r is^d O said electrode Ji.tfpoJiftd in LilignfcOUt 
with sAiil ±irtt tubular mr^r, a cover mcrabsr carried by aaf.d 
EMOn d tubals n.i^b^r havinq a cap portion, at one end thereof 
dinpoeed i« overlyiny relation to ^id flange .portion abov<: 
firat tubiilm moubfrr vT.th a gap therebetween, *n insulating member 
apposed in a Aid (Jftp betwsen said fl^O portion and y«.td oap 
portion for hermetically coupling suid first ^ second tubular 
membe* fox electrically inflating said first and second 
tabular members from one another, cftbla means connected to said 
electrode tar supplying ™ electric current tc aald eloctxc.de and 
an insulating coating provided on at least an outer surface of 
fMtld Insulating pipe ^oiot. 




